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Introduction
Critical illness affects health systems across the world, but low-and middle-income countries (LMICs) bear a disproportionate burden [1] . Due to a paucity of data, however, the capacity to care for critically ill patients in LMIC settings is largely unknown. In a recent systematic review, only 15 of 36 low-income countries had any published data regarding their ICU capacity [1] . Only two low-income countries, Nepal and Uganda, had national critical care capacity statistics [1] .
The World Health Organization (WHO) advocates for well-defined systems of acute care for the critically ill and injured as an integral part of resilient national health care systems [2] . However, in order to successfully develop such systems in diverse LMIC settings, a thorough characterization and quantification of regional and national acute care capacity, human and material resources, and barriers to capacity growth is essential.
Haiti is among the poorest countries in the world and has the lowest health indices in the Western Hemisphere [3, 4] . Recent devastating natural disasters (e.g., hurricane, earthquake) and epidemics (e.g., cholera, chikungunya, zika) have severely strained its healthcare system and demonstrate the critical importance of establishing a robust, integrated acute care system. Recent studies have elucidated some of Haiti's emergency and trauma care capacity [5] [6] [7] , but its capacity to provide care for critically ill patients is largely unknown. In this study, we report results of the first known nationwide survey of critical care capacity in Haiti. Beyond establishing the number of intensive care units (ICUs), ICU beds, and ventilators, our goal was to determine how and where critical care is delivered in Haitian hospitals, particularly when no ICU is available.
Materials and methods
We conducted a cross-sectional nationwide survey of Haitian hospitals in 2017-2018. The study was approved by the St. Luke Hospital (Port-au-Prince, Haiti) Ethics Committee. Consent was not obtained by survey participants as the data were analyzed anonymously.
List of hospitals
We first sought to establish an updated list of hospitals and health centers in Haiti. Due to an ever-changing healthcare landscape influenced by economics, politics, natural disasters, and non-governmental organizations (NGOs), many healthcare facilities cease or commence operations in Haiti year-by-year. This fluidity makes an accurate accounting of all functioning hospitals in Haiti very challenging. Starting with the official 2015 Haitian Ministry of Health facility list [8] , which distinguishes "hospitals" from "health centers with beds" and "health centers without beds," we limited our search to facilities with greater than six inpatient beds. We then cross referenced this list with those from the Pan American Health Organization (PAHO) [9] and the United States Embassy in Haiti [10] . Through local health care providers, we subsequently discovered several active hospitals not officially listed by the previouslynamed organizations, so we widened the search to include internet references [11, 12] , and suggestions from Haitian colleagues. We eliminated duplicate facilities, including those colloquially known by different names, based on cross-referencing addresses and by verification of local physicians. We reduced this list to health facilities that we could confirm were still operating by the presence of a valid telephone number, e-mail address, or postal address. Our final list included 48 health facilities throughout the country (Fig 1 and S1 File) .
Creation of survey
A joint task force of US and Haitian physicians adapted a previously-validated survey on critical care capacity for LMICs [13] . After independent review by multiple non-affiliated Haitian physicians and American academicians, the survey was translated from English to French by an independent physician translator, then back-translated to English by a second physician translator. The final survey instrument (S2 and S3 Files) subsequently was piloted in two Haitian hospitals before widespread distribution.
Collection of data
Surveys were administered electronically via Google Forms in French and English. They were sent to listed medical directors or emergency/critical care physicians at each facility. A Haitian research coordinator conducted the survey in-person at facilities that did not respond electronically, or for which telephone or email contact information was inaccurate. Using multiple choice questions and five-point Likert scales, we collected demographic information on facilities and survey respondents, the presence or absence of emergency departments and ICUs, and the availability of material and human resources to care for critically ill patients. Free text responses were used to identify the most common critical illnesses and the greatest perceived barriers to providing critical care services in their respective institutions.
Main outcome measures
Primary outcomes were availability and access to equipment, personnel, and therapies relevant for the practice of critical care medicine. Secondary outcomes included identifying barriers to improving care for critically ill patients and adherence to the World Federation of Societies of Intensive and Critical Care Medicine's (WFSICCM) proposed definition of ICU.
Data analysis
We summarized categorical variables by frequencies and corresponding percentages for each level. Numerical variables were summarized using a five-number summary (i.e., the minimum, first quartile, median, third quartile, maximum) and the sample mean. In order to compare the most common conditions leading to critical illness, an integer score from 0 to 4 was assigned to each categorical level such that a higher score was associated with a higher frequency. Then, we calculated the mean for each condition as the primary summary measure for the frequency at which that condition is reported. We used a similar approach for comparing the ease of accessibility to equipment, personnel, therapy, and other resources.
Utilizing the WFSICCM definition of three levels of ICUs, where Level 1 contains the most basic equipment and resources required to have a functional ICU and Level 3 has the most advanced [14] , we matched each criterion with an appropriate survey response. We tallied the variables that hospitals reported as having access to "often" or "always" and counted those as having met those criteria. We then evaluated each criterion (across all levels) for each response in the data. Finally, we calculated several summary statistics based on these results, including the count and percentage of completed criteria for each level and hospital, as well as the cumulative count and percentage of completed criteria across all levels. We also calculated the number of hospitals that satisfied each respective criterion, in order to evaluate which critical care resources were more (or less) readily available.
We performed all statistical analysis using the R statistical programming language, version 3.4.4. 
Results
Of 53 health facilities identified and 48 with accurate contact information, 38 (79.2%) from all ten Haitian administrative departments completed the survey. Facility demographics are shown in Table 1 . All facilities, including those that reported no ICU, reported caring for critically ill patients with a median of 12 (IQR 6-50) critically ill patients per week. Of hospitals without an ICU, 19 (82.6%) care for critically ill patients in the ED, five (21.7%) in a general medical ward, two (8.7%) in a postoperative ward, and four (17.4%) in other areas. For all facilities, only eight (21.1%) reported formal emergency or critical care training for physicians, and only five (13.2%) for nurses.
There were 124 reported ICU beds nationally. Facilities without ICUs reported an additional 53 beds designated for critically ill patients, most of which were in emergency departments. The respondents reported the capability to mechanically ventilate a total of 62 patients within ICUs, and an additional six patients in other areas, not including operating theaters. Of the 15 facilities that reported having ICUs, the median number of patients that could be mechanically ventilated was similar to the number that could be noninvasively ventilated (Table 2) , although the distribution of the two resources between hospitals was not symmetric.
Approximately one-third of the facilities reported around-the-clock physician availability for the ICU. Only one-third of facilities with ICUs reported formal critical care training for their physicians. Using the WFSICCM definition of an ICU (S1 Table) , only five facilities met criteria for a Level 1 ICU, whereas none reached Levels 2 or 3. The remaining ten facilities with self-reported ICUs most commonly lacked increased nursing ratios, physicians trained in advanced cardiac or trauma life support, and noninvasive or invasive ventilation. For hospitals without an ICU, the most common missing criteria needed to achieve the WFSICCM definition for a Level 1 ICU can be found in Table 3 .
The most important reported barriers to providing critical care services included lack of portable x-ray machines, cardiac monitors, ventilators, trained emergency or critical care physicians, and physical space for ICUs. Availability of ICU-specific equipment is shown in Fig 2. Availability of personnel, ICU-specific therapies and other materials is shown in S1, S2 and S3 Figs. Specifically, 23 (60.5%) reported access to bedside ultrasound, while only seven (18.4%) reported access to CT scan and three (7.9%) to MRI. Additionally, 12 (31.6%) reported receiving donations they were unable to use. The majority of respondents (34, 89.5%) reported not conducting research. The distribution of disease states reported to cause critical illness in Haiti can be seen in S4 Fig. 
Discussion
The major finding of our nationwide survey of Haitian critical care is that current capacity remains insufficient to meet need. A significant, country-wide demand for critical care services exists at baseline, with regional demand likely increasing significantly during natural disasters and epidemics. The general paucity of ICU beds, equipment, professional training, and material resources is similar to findings from other LMICs. For a country of over 10 million people, our study estimates a total of 124 ICU beds. By comparison to other low-income countries, Uganda has 10 beds and Nepal has 167 beds per 10 million people [1] , whereas Sri Lanka (a lower middle-income country) has 250 beds [15] , South Africa (an upper middle-income country) has 957 beds [16] and the United States (a high-income country) has 3,125 beds per 10 million people [17, 18] . Unfortunately, there is no "magic number" of ICU beds to provide optimal critical care services, as diverse economic, cultural, and political values shape national and regional opinions on the benefits of-and even the very necessity of-critical care services. For low-income countries, such as Haiti, much more national-level data are required to help inform political and financial stakeholders, who must weigh innumerable competing priorities before allocating scarce funding to critical care services, which many consider expensive. The major self-identified barriers to providing more effective critical care services in Haiti include lack of physical space to house critically ill patients, lack of basic critical care equipment, and few formally trained physicians and nurses. Only 37 of the 124 ICU beds meet the most basic (i.e., WFSICCM Level 1 ICU) international consensus standards of an ICU, highlighting the reality that even the most advanced ICUs in Haiti lack some of the most basic elements for intensive care delivery. Our findings bear great similarities to the only other Critical care capacity in Haiti known national-level acute care capacity study conducted in Haiti in 2014 [5] . In this traumaspecific cross-sectional audit of six tertiary and six secondary hospitals representing all 10 Haitian administrative departments, investigators highlighted significant limitations in equipment availability, personnel and training. Only three ICUs (defined as having access to mechanical ventilation and continuous monitoring) were identified and there were notable shortages of airway equipment, oxygen and pulse oximetry throughout the facilities. Only one-quarter of facilities had ATLS-trained physicians. Investigators similarly commented on the lack of a national continuing trauma education program. Despite the many limitations identified in our and prior studies, multiple investigations from LMIC settings indicate that streamlining critical care services through protocol development, education, and training can improve important clinical outcomes [19, 20] . Another major finding is that a significant amount of critical care in Haiti is provided outside of the ICU. This finding is similar to those from other LMIC settings [21] and reflective of the relative novelty of critical care as a distinct clinical entity in LMICs. The fact that over 80% of critically ill patients in Haitian hospitals without ICUs are cared for in the Emergency Department speaks to the important overlap between emergency and critical care medicine in LMICs. This overlap elucidates a fundamental conundrum facing the global critical care movement: should LMIC facilities devote significant constrained resources to developing ICU capacity specifically, or should critical care and emergency medicine function together under the auspices of global acute care? Whereas the WHO promotes acute care [2] , international critical care professional societies promote a narrower vision [22] . Individual academic partnerships between facilities in high-income and low-middle-income countries tend to be specialty-specific [23] [24] [25] , further fragmenting already disjointed systems of care. Addressing this question on the regional, national, and international levels through an organized, multidisciplinary process is essential to ensure efficient, cost-effective, and equitable critical care services in LMICs. Such efforts are already under way. A collaboration, for example, between the International Federation of Emergency Medicine and the WHO's Emergency and Trauma Care Programme is developing a white paper on the continuum of care for critically ill and injured patients in low-resource settings [26] . This white paper will have an impressive emphasis on early critical care and transitions between components of the health system (personal communication, Teri Reynolds).
Given that improved critical care outcomes are possible outside of the ICU [19; 27, 28] and given the dearth of ICU physician presence in Haiti and other LMICs, ramping up critical care education and training for non-ICU clinicians and nurses is crucial. Structured critical care training can reduce adult [29] and pediatric ICU mortality in LMICs [30] [31] [32] . While Haiti has no dedicated postgraduate critical care training program, its only existing Emergency Medicine residency program provides critical care instruction [33] . Augmenting and expanding such training nationally with structured didactics, simulations, and bedside teaching may help to overcome some of the barriers to critical care delivery identified in our survey. Additionally, developing formal critical care nursing training programs, as has been done successfully in other LMIC environments [34] , will mitigate inadequate numbers of ICU physicians. Haitian nurses have expressed a strong appetite for increased critical care-specific training [35] and capitalizing on this interest will go far to improve critical care capacity and outcomes in Haiti.
This study has some significant limitations. First, no single "official" hospital list contained a comprehensive, up-to-date list of active health facilities in Haiti. Due to the dynamic nature of Haitian health care, it is plausible that some facilities were missed. Moreover, facilities may have opened or closed since completion of our data collection, so our results should be interpreted as estimates rather than as concrete figures. Second, we did not achieve 100% survey penetration, so it is possible that some Haitian critical care resources remain unaccounted for. Third, surveys often were completed by medical directors who may play more of an administrative rather than clinical role and who may overstate or understate resource availability. A formal audit would be required to verify survey responses and to provide a more definitive accounting of critical care capacity. Despite these limitations, our study represents an important first step in establishing a national accounting of material and human resources for critical care in Haiti and identifying the practical needs of clinicians caring for critically ill patients across the country.
Conclusions
The global critical care movement is rapidly advancing knowledge of the epidemiology and outcomes of critically ill patients in LMICs. To date, no comprehensive evaluation of critical care in Haiti has been performed. This study provides an important first look at critical care capacity in Haiti and establishes a baseline from which academicians, health facilities, and governmental and non-governmental organizations can coordinate an integrated and organized approach moving forward. 
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